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(71) We, REDLAND AUTOMATION 
LIMITED formerly known ■ as Sarasota 
Engineering Company Limited, a British 
Company, of Redland House, Reigate, in the 
5 County of Surrey, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following 

10 statement: — 

This invention relates to a vehicle detector 
circuit for use with an inductive loop and to 
a vehicle detector installation or equipment 
comprising such a detector circuit and a cb- 

15 operating loop. 

It is common practice to detect vehicles 
by their effect on an a.c-energised inductive 
loop of one or more turns laid in the road- 
way or elsewhere that vehicles are to pass 

20 over. The energised loop defines a zone of 
detection in which a vehicle interacts with 
the magnetic field surrounding the loop. 

The inter action between the vehicle and 
the loop is commonly sensed by sensing a 

25 consequence of the change of inductance that 
occurs when a vehicle enters the zone of 
detection. Various techniques have been de- 
veloped to monitor the change in the loop 
inductance. One often employed at the pre- 

30 sent time is to make the loop part of a 
parallel resonant circuit and to monitor 
changes in the resonant frequency of this 
circuit due to changes in loop inductance. 
To this end the resonant circuit including 

35 the loop may be made the tank circuit of an 
oscillator. 

The present invention is based on the con- 
cept of monitoring the inductive time con- 
stant of an inductive loop. This constant is 

40 the ratio (L/R e ) of the loop inductance (L) 
to the effective loop resistance (Re). The 
effective resistance Re includes not only the 
inherent resistance of the conductor of wfiich 
the loop is made but also the resistance com- 

45 ponent due to losses associated with an a.c- 
energised loop. It has been found that the 
arrival of a vehicle in the zone of detection 
will normally influence both the inductance 
and the effective resistance of the loop in 



such senses as to have the same effect on the 50 
inductive time constant of the loop. Normally 
the time constant would decrease in the pre- 
sence of a vehicle. 

Thus based upon the concept of monitor- 
ing changes in the inductive time constant 55 
of a detector loop the present invention pro- 
vides a vehicle detector circuit for use with . 
an inductive detector loop for sensing the 
presence of a vehicle in the vicinity of the 
loop, comprising: 60 

first means connectable to the detector loop 
to impress on the loop a voltage of predeter- 
mined waveform and produce therein a cur- 
rent whose relationship to the impressed 
voltage is essentially determined by the in- 65 
ductive time constant of the loop; 

second means responsive to the current in 
•the loop to provide a signal having the wave- 
form of the current in the loop; 

comparator means responsive to said volt- 70 
age waveform and to said current waveform 
signal to provide a signal dependent on the 
lag of the current waveform with respect to 
die voltage waveform due to the inductive 
time constant of the loop circuit; and 75 

anafyzer means responsive to changes in 
said lag-dependent signal to provide an out- 
put signal indicative of the presence of a 
vehicle in the vicinity of the detector loop. 

In one form of realisation of the vehicle gg 
detector circuit the first means comprises a 
first switching stage having terminals to which 
the detector loop is connectable as a load for 
the first switching stage. The circuit further 
comprises a second switching stage connected 85 
to the comparator means to have its switch- 
ing st&te controlled by the lag-dependent 
signal, and means coupling the second switch- 
ing stage to control the switching of the first 
switching stage whereby the first and second 90 
switching stages are coupled in an astable 
oscillator circuit having an oscillation fre- 
quency dependent on the inductive time con- 
stant of the detector loop when connected to 
the said terminals. The analyzer means is 95 
made responsive to the changes in the oscilla- 
tion frequency. 

In a particular form of realisation, an ex- 
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ample of which is described hereinafter, in 
the vehicle detector circuit of the invention 
the first means comprises first and second 
switching stages connected to a pair of ter- 
5 minals to which the detector loop is con- 
nectable as a load for both stages, the first 
and second switching stages being operable 
to produce voltages of opposite polarity across 
said terminals for impression across the de- 
10 tector loop. The detector circuit further com- 
prises a third switching stage connected to 
the. comparator means to have its switching 
state controlled by the lag-dependent signal; 
and respective means coupling the third 
15 switching stage to the first and second switch- 
ing stages to turn same on and off respectively 
when fee third switching stage achieves one 
switching state and to cum same off on 
respectively when the third switching stage 
20 achieves its other switching state, whereby 
said first, second and third switching stages 
constitute an astable oscillator circuit whose 
frequency of oscillation is controlled by said 
lag-dependent signal as a function of the 
25 inductive time constant of the detector loop 
when connected to the terminals. The ana- 
lyzer means is made responsive to changes 
in the oscillation frequency. 

In both the forms of circuit fust-mentioned 
30 the lag-dependent signal is used as an astable 
oscillator frequency control and the oscilla- 
tion frequency is monitored by the analyzer 
means. The second form of circuit ensures 
that both changes of state in each astable 
35. oscillator cycle are dependent on the lag- 
dependent signal and thus on the inductive 
time constant . 

In a different form of realisation of the 
vehicle detector circuit of the invention the 
40 first means is operable to provide the pre- 
determined waveform for impression on the 
detector loop at a selected frequency and the 
comparator is operable to provide a signal 
representing the phase difference (which may 
45 of course be expressed as a time difference) 
between the voltage waveform and the. lag- 
ging current waveform signal. 

An example ot the last-mentioned phase 
comparator form of circuit as well as of the 
50; oscillator form is described in more detail 
below. Before going onto the more detailed 
description, a more general 4iscussion will be 
given of the principles underlying the use of 
the inductive time constant of the detector 
55 loop. This discussion will be given mainly 
in terms of the phase comparator form of 
circuit and it will be assumed that the second 
means providing a signal having the wave- 
form of the current , in the loop is a resistor 
60 in series with the ioop. 

If the predetermined voltage impressed on 
•the loop were sinusoidal the current would 
be a lagging sinusoid and there would be 
a phase difference, and thus a time difference, 
65 between the impressed and current signal 



waveforms. However, it is preferred to use 
a rectangular impressed waveform and to 
have the signal processing means respond to 
the time difference between one edge of the 
impressed waveform and the lagging corres- 70 
ponding edge of the signal waveform reaching 
a certain value, for example a value set with 
reference to the voltage applied to the loop. 

So far only the inductive time constant 
(L/R e ) of the loop itself has been mentioned. 75 
The actual operating inductive time constant 
will be the loop time constant as modified 
by the other series impedances or equivalent 
series impedances that are present in the loop 
circuit. Assuming that these impedances are g0 
all resistive, at least so far as is material to. 
the practice of the present invention, a prac- 
tical circuit will include in series with the 
loop an oscillator source or independent fre- 
quency generator resistance R* and, in the 85 
case where the loop is driven by an indepen- 
dent frequency generator, a series resistance k 8 
to sample the current waveform. In ah astable 
oscillator embodiment of the invention des- 
cribed hereafter, this last-mentioned resistance 90 
R a is also employed though it may equally 
be regarded as a component of R g . The 
operating inductive time constant of the 
whole loop circuit is given by 
L/(ReH-R*+Rs)- The effect of changes in 95 
R* on this time constant depends on the pro- 
portion of the total resistance (Re+Rg+Rg) 
that Re represents. However, the effect of 
changes in L is in full direct proportion, a 
point to be discussed further shortly. Nor- 100 
. mally R a would be expected to be kept as 
small as is commensurate with deriving suffi- 
cient signal voltage from the current in the 
loop. This will also minimise the capacitive 
time constant. 105 

It is believed that generally speaking the 
use of. the inductive time constant of the loop 
as the parameter to be monitored has advan- 
tage over the resonant circuit type of detector 
equipment mentioned at die outset in three 110 
respects. 

Firstly, the inductive time constant (L/R e ) 
is in direct proportion to the inductance, and 
thus changes are likewise in direct proportion; 
whereas in a resonant circuit the resonant 115 
frequency is an inverse function of die square 
root of die inductance, giving for small 
changes in inductance a percentage change in 
resonant frequency only half that of the per- 
centage change in inductance, 120 

Secondly, when a vehicle enters the zone 
of detection of a loop, normally the loop 
inductance decreases and the effective loop 
resistance increases. In an inductive time con- 
stant detector both these changes are in a 125 
sense such as to influence the L/Re ratio in 
the same manner, i.e. normally to decrease it. 
In a resonant circuit type of detector the 
parallel resonance frequency of the loop 
of inductance L with appropriate tuning* 130 
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capacitance C is given by 

fo = 1/2 ir . (1/LC — R.VL»)l 

Thus for a decrease in L and increase in 
R e > the increase in fo given by the first term 
5^ in the bracket, is to some extent offset by the 
; increase in the value of the second term. It 
should be noted that the value of R e for a 
given loop is not the same for the loop when 
used in a resonant circuit as when it is used 
10 in a circuit exploiting the inductive time 
constant. 

Thirdly, in practical installations a detec- 
tor whose operation is dependent on the in- 
ductive time constant of the co-operating 
15 loop is expected to be less affected by stray 
capacitance and local variations in it -than a 
detector installation using the loop in a re- 
sonant circuit. 

In order that the invention and its practice 
20 may be better understood embodiments of 
it will be described by way of example with 
reference to the accompanying drawings in 
. which: 

Fig. 1 is a block circuit diagram of a first 

25 embodiment of a vehicle detector installation 
employing an inductive loop in an astable 
oscillator circuit; 

Fig. 2 is a block circuit diagram of a 
vehicle detector installation employing an 

30 inductive loop in a phase comparison circuit; 
Fig. 3 is a more detailed circuit diagram 
of a part of the circuit of Fig. 2; 

Fig. 4 is a schematic circuit of the astable 
oscillator of Fig. 1; and 

35 Fig. 5 is a block circuit diagram of a pre- 
ferred digital processing circuit for use with 
the astable oscillator of Fig. 4. 

In Figure 1 the installation comprises an 
inductive loop 10 laid in a roadway or other 

40 carriageway to provide a zone of detection 
for the presence of a vehicle. The loop is 
represented by its electrical inductance L in 
series with its equivalent resistance Re r . The 
loop is connected to a vehicle detector cir- 

45 cuit 20 by a cable 12. In this embodiment 
the loop is made part of an oscillator circuit 
whose frequency is a function of the induc- 
tive time constant (L/R e ) of the loop. The 
operating time constant is that obtained when 

50 other circuit resistances, e.g. R B and R s , are 
included as discussed above. 

To this end the circuit 20 includes an 
astable oscillator circuit 22 into which the 
loop 10 is connected by cable 12 as an 

55 integral part of the oscillator circuit. The 
parameters of the latter that effect the fre- 
quency of operation are so chosen that the 
period of the astable is significantly depen- 
dent on the inductive time constant as will 

60 be further explained with reference to the 
detailed circuit of Figure 4« 

The oscillator circuit 22 therefore pro- 
vides a signal the frequency of which is the 



characteristic of interest. The processing of. 
the signals from the oscillator circuit 22 may 65 
be done by means of digital or analogue tech- 
niques. There will be described hereinafter 
with reference to Fig. 5 a preferred digital 
processing circuit. If analogue processing is 
desired the signal from oscillator 22 is ap- 70 
plied to a frequency-to-analpg converter or 
discriminator 24 the output of which is a 
direct voltage which varies in accordance 
with the variations of the oscillator frequency. 

This voltage is now applied to a signal 75 
processing or analyzer circuit generally indi- 
cated at 26. Such circuits are well known in 
the art and their exact nature and detailed 
design depend greatly on the exaot form of 
vehicle detection that is required, e.g. the 80 
arrival of a vehicle with continuing or non- 
continuing detection of the vehicle if it re- 
mains in the zone of detection; or detection 
of moving vehicles only, perhaps only those 
moving above a certain speed. As a brief 85 
example of techniques used for detection of 
the arrival of a vehicle, the circuit 26 may 
include the following functions. A Suppressor 
circuit 26A ensures that only that polarity 
of the change in the analogue signal voltage 90 
corresponding to the arrival of a . vehicle is 
taken into account; the opposite polarity 
changes due to vehicle departure are sup- 
pressed. The polarity change of interest is 
that associated with increased frequency in 95 
the normal case given above. A discrimina- 
tion against those signal changes of the wanted 
polarity due to ambient variation has to be 
made. This is done by a unit 26B providing 
a relatively short time constant chosen to 100 
pass the relatively quick signal changes due 
to vehicles but not the slow changes due to 
variations in ambient conditions. To avoid 
vehicle indication on small spurious signals 
that may be generated, the signal is applied 105 
to a threshold circuit 26C so that a vehicle- 
indicative signal P is only given when the 
signal exceeds a preset threshold level. The 
foregoing circuits 26A, B and C and their 
functions may be combined in practical 110 
designs. 

There will be described hereafter with re- 
ference to Figure 4 an example of an astable 
oscillator 22 suitable for use in the practice 
of this invention but firstly a description will 1 15 
be given of an embodiment of the invention 
utilising a fixed frequency of operation. 1 

Turning now to Figure 2 the installation 
here shows the loop 10 connected by a cable 
12 to a detector circuit 30. In this circuit 120 
the loop is fed via the cable with a rectangu- 
lar waveform voltage from a source 32 operat- 
ing at a selected frequency. In series with 
output of the source and the loop is a resistor 
R a so that the waveform of the signal voltage 125 
developed across the resistor Ra is that of the 
current through the loop. Due to the operating 
inductive time constant of the loop circuit 
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the rise and fall time of the current wave- 
form will lag that of the applied rectangular 
voltage waveform and it is this lag which 
provides a measurable time difference de- 
5 pendent on the operating inductive time con- 
stant. In the embodiment shown this is done 
by measuring the rise time of the waveform 
across resistor R s relative to the correspond- 
ing edge of the waveform from the source 
10 32. The rise time is taken here to be the time 
for the signal waveform across resistor 
to reach a reference level which is set with 
respect to the voltage applied _ tc^thejtoop. 
To this end the circuit further includes 
15 a voltage comparator 34 and a preset voltage 
divider 36 which applies a predetermined 
proportion of the applied rectangular wave 
voltage to one input of comparator 34 as a 
reference level. The other comparator input 
20 receives the voltage waveform developed 
across the resistor R^. Thus in response to 
the leading edge, say, of the waveform from 
source 32, the more slowly rising waveform 
across resistor R a attains the reference level 
25 whereupon comparator 34 changes to pro- 
vide an output signal delayed in time rela- 
tive to the leading edge by an amount de- 
pendent on the inductive time constant. The 
time difference can be regarded as a phase 
30 difference between the leading edges of the 
rectangular waves from source 32 and the 
output signals from comparator 34. 

A phase comparator 38 has one input con- 
nected to the output of comparator 34 and 
35 the other input directly connected to source 
32. The output of the phase comparator is a 
direct voltage that varies with phase (time 
difference). This voltage is applied to a pro- 
cessing circuit 26 as described with reference 
40 to Figure 1. 

It will be appreciated that in the embodi- 
ment of Fig. 2, the signal processing may 
also be done digitally. This embodiment in- 
volves a measuring of time (phase) changes 
45 which, like the measurement of frequency 
change in the embodiment of Fig. 1 is a para- 
meter: readily amendable to processing by 
digital techniques. 
The phase changes reflect the changes in 
50 the inductive time constant L/R ? of the 
loop 10 when a vehicle passes over it. From 
the information given earlier it will be seen 
■that normally the phase difference is expected 
to reduce in the presence of a vehicle. 
55 Considering certain aspects of the circuitry 
of Figs. 1 and 2 in more detail, a preferred 
" comparator circuit for the embodiment of 
Fig. 2 and a preferred astable oscillator cir- 
cuit for the embodiment of Fig. 1 will now 
60 be described with reference to Figs.' 3 and 4 
respectively. 

In . Fig. 3, the source 32 produces square 
waves symmetrical in amplitude of peak 
value 4- V and —V respectively. These square 
65 waves are fed directly to one input of phase 



comparator 38. The amplitude comparator 

34 has a non-inverting (+) input connected . 
to the potential divider 36 comprising in 
this case a pair of fixed resistors R b R*. The 

loop (not shown) is connected across terminals '70 

35 to be in series with resistor R 8 . The volt- 
age developed across resistor R s is applied 
to the inverting (— ) input of the comparator 
34. The square wave amplitude applied to 
both potential divider 36 and impressed on 75 
the series loop circuit is determined by the 
bidirectionally acting anti-parallel connected, 
clipper diodes Dj, D 2 to which the source 
voltage is applied through resistor Rq. As 
indicated at 32a the frequency of source 32 80 
is made adjustable. In operation the com- 
parator will change from ON to OFF during 

the positive portion of the square wave cycle 
and revert to ON again during the negative 
portion as will be better understood from 85 
the description of Fig. 4. 

Looking now at the circuit of the astable 
oscillator 22 shown in Fig. 4. it will be seen 
to include a voltage comparator circuit, like 
that of Fig. 3, which is used to control the 90 
switching of the astable circuit and the com- 
ponents of which corresponding to those of 
Fig. 3 are marked with a prime. . 

The oscillator 22 has a pair of transistors 
Trl and Tr2 in a complementary astable 95 
circuit. Output is taken from the collector 
of Tr2 which has a collector load resistor R 4 
and which is cross-coupled to the base of 
Trl in a conventional manner. The cross- 
coupling in the other direction is not con- 100 
ventional in that the comparator 34' and its 
related circuitry is in the cross-coupling from 
the collector of transistor Trl to the base 
of transistor Tr2. 

Operation with the loop 10 connected to 105 
terminals 35 is as follows. Assume transistor 
Tr2 has just been turned ON, by the appli- 
cation base current from comparator 34 which 
is ON. The collector voltage of transistor TR2 
is low and base current flows in transistor 110 
Trl to turn the latter ON also. Collector 
current flows through R3', D/, the latter pro- 
viding positive energising voltage for the loop 
in the same way as when the positive portion 
of a square wave is applied in the circuit of 115 
Fig. 3. Initially there is no voltage applied 
to the — input of comparator 34' which 
therefore is ON: the current in the loop 
builds up at a rate dependent on the operat- 
ing inductive time constant and the equiva- 120 
lent voltage across resistor R s ' eventually at- 
tains a more positive value than the reference 
level at which comparator 34' changes state, 
i.e. goes OFF. Consequently TR2 is turned 
OFF and it turns OFF transistor TR1. The 125 
ON period of the astable circuit has been 
primarily dependent on the operating induc- 
tive time constant of the loop. 

The transistors Trl and Tr2 now being 
OFF and the collector voltage of. transistor 130 
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Tr2 being high, base current is applied to 
a transistor Tf3 through a network 23 in- 
cluding a Zener diode ZD. A diode D 3 en- 
sures that no current can flow to base of 
5 transistor Tr3 through the base circuit of 
transistor Trl. The emitter of transistor Tr3 
goes to a voltage rail more negative (— V) 
than the lower voltage rail (OV) of the com- 
parator circuit so that current flows from the 

10 latter rail through diode D 2 ', resistor R 5 and 
transistor Tr3. A negative voltage equal to 
the drop across D 3 ' is applied to the loop 
and as the reverse current builds up in the 
loop dependent upon the operating inductive 

15 time constant eventually the — input of com- 
parator 34' goes more negative than the 
+ input and the comparator turns ON to 
supply base current to transistor Tr2 arid 
recommence the ON period of operation des- 

20 cribed above. The Zener voltage of Zener 
diode ZD is chosen sufficiently high that as* 
the collector voltage of transistor Tr2 falls, 
the voltage from the collector to the negative 
rail {— V) falls below the Zener voltage. Diode 

25 ZD ceases to conduct, removing base current 
from Tr3 which is thus turned OFF for the 
ON part of the astable cycle. 

From the foregoing it will be understood 
that each transistor Trl, Tr2 and Tr3 acts 

30 as a switching stage. Both transistors Trl 
and Tr3 have the detector loop connected 
as a collector load therefor at terminals 35'. 
The states of transistors Trl and Tr3 are 
controlled to be opposite by the comparator- 

35 controlled transistor Tr2 so that positive and 
negative voltages are alternately applied to 
the loop terminals, both voltages being clipped 
to the same magnitude by the bidirectional 
clipper diods D/ and D 2 ' connected across 

40 the terminals. The comparator 34 therefore 
responds to the lagging current waveform 
developed in both the positive and negative 
half-cycles of the astable oscillator as seen 
at the loop terminals. 

45 Thus not only the ON but also the OFF 
portion of the cycle of the astable oscillator 
circuit has a duration essentially controlled 
by the operating inductive time constant of 
the loop circuit providing an output fre- 

50 quency highly sensitive to changes in the 
inductive time constant of the loop itself. 

Whereas in Figure 4 the ON and OFF 
periods of the astable oscillator, determine 
the period of the oscillator, in Figure 3 the 

55 times of the corresponding changes of state 
of the comparator 34 within the impressed 
fixed cycle period represent phase or time 
differences relative to the impressed cycle 
which are sensitive to the inductive time con- 

60 stant of the loop. 

It will be appreciated that in Figure 3, 
the square wave source seen by the loop is 
the generator 32 in combination with the 
clipper arrangement Ra, Dx and D 2 . In the 

65 operating inductive time constant 



L/(Re+Rs+R g ), R 8 here represents the equi- 
valent series resistance of this combination 
looking back into the terminals of Dx and D 2 . 
Similar considerations apply in Figure 4 in 
which R R can be defined in a like manner 70 
or can be taken as die total source impedance 
looking back into terminals 35' and thereby 
including R 8 ' as a component of R ? . 

In some installations it may be desired to 
isolate the oscillator circuit 22 from the loop 75 
with respect to direct current Fig. 4 shows 
in phantom the means by which this is done. 
The loop is connected into the oscillator cir- 
cuit via a tightly coupled transformed T hav- 
ing one winding connected to terminals 35' 80 
and a second winding providing terminals 
35" to connect to the loop. Over- voltage 
protective devices, such as discharge tubes, 
are connected at the loop side of die trans- 
former. The loop inductive time constant is 85 
reflected into the astable oscillator circuit 22 
by the transformer T so that operation re- 
mains as described above. 

Reference - will" now be made to Fig. 5 
which shows in block diagram form a digital 90 
signal processing circuit which processes the 
rectangular wave signals obtained from die 
collector of transistor Tr 2 and analyzes 
changes therein to ascertain the arrival of a 
vehicle at the detector loop. 95 

The circuit to be described, has an operat- 
ing or scan cycle whose duration is deter- 
mined by a preselected number of cycles of 
the oscillator 22. Thus the condition of the 
loop is examined once per operation cycle. 100 
The Operating cycle period is a function of 
the frequency of the oscillator. It will be 
recalled that the inductive time constant of 
the detector loop decreases in the presence 
of a vehicle so that the period of an operating 1Q5 
cycle correspondingly decreases. During each 
operating cycle reference (clock) pulses are 
counted and the number of pulses counted 
in one cycle, which is a measure of die cycle 
period, is compared with the count obtained HO 
in the preceding period. A lesser count in 
the current cycle is taken as indicative of the 
presence of a vehicle and an output signal 
given. Provision is made for incrementing or 
decrementing the reference count to adjust 115 
for changes in ambient conditions and thereby 
prevent false presence signals being given. The 
presence signal is provided for a preselected 
period after which the circuit is adjusted to 
accommodate the presence condition existing 120 
at the detector loop. 

The circuit to be described may be realised 
using CMOS circuitry. Devices such as AND- 
gates (or NAND-gates), OR -gates and bi- 
stables may be conventional CMOS devices. 125 
Device type numbers will be given for other 
devices, the type numbers being those of the 
Motorola MC series. With such devices a 
logic "1" or high state is positive. 

Looking now in detail at Fig. 5, it contains 130 
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a clock source 102 which in this embodiment 
is chosen to operate at 400kHz. Preferably 
the clock source is crystal-controlled for stabi- 
lity, and the source has a four-phase output, 
5 Ph.l — 4, as can be obtained by use of an 
MC14022 device. The leading positive, edges 
of the outputs Ph 1 — 4 are successively 
spaced by 90° at the 400kH* clock frequency, 
each phase remaining high for 45° of die 

10 clock cycle. 

The digital circuit input is on line 104 
which is connected to the output of astable 
oscillator 22 (Fig. 4). The oscillator pulses 
are applied to a programmable cyclic counter 

15 106 (MC14040) having its programmable in- 
puts selected by a six-position switch 107- 
which provides a sensitivity control the nature 
of which will become clearer from the follow- 
ing description. Counter 106 has a selectable 

20 division ratio of 2* 3 2 7 . . . . 2 11 (64 to 2048 
respectively) and provides an output pulse 
(high) each time a preselected number of 
pulses from oscillator 22 has been counted. 
Thus the period between successive counter 

25 output pulses is a measure of the period of 
the astable oscillator cycles taken over the 
preselected number. 

The output pulses from counter 106 are 
used to gate a counter 108 that is supplied 

30 with and counts clock pulses from Ph. 1 of 
the clock source 102. The gating is controlled 
as follows. The output of counter 106 is con- 
nected to the D input of a D-type bistable 
110 (MC14013) clocked by Ph. 2 of the clock 

35 source. Each output pulse from counter 106 
therefore makes the D input high and its Q 
output goes high on the next Ph. 2 pulse. 
The Q output immediately clocks a second 
D-type bistable 112 whose D input is per- 

40 manently connected to be high. The Q output 
of bistable 112 enables an AND-gate 114 
having a second input connected to Ph.4 of 
the clock source. As Ph. 4 goes high a clear 
pulse is applied to the clear input of counter 

45 108, so that the latter re-commences count- 
ing clock pulses. The count reached in coun- 
ter 108 immediately before it is cleared is a 
measure of the time between successive output 
pulses of the counter 106. In order to make 

50 use of the counter value obtained in this 
period, the count is transferred to a buffer 
store 116. To this end, the Q output of bi- 
stable 112, which goes high essentially coinci- 
dentally with Ph.2 of the clock, is applied also 

55 to the clock input of buffer store 116 into 
which the count existing in counter 108 is 
transferred before the counter is cleared by 
the clear pulse coincident with Ph.4 of the 
clock. The Q output of bistable 112 returns 

60 to low with the next Ph. 1 clock pulse that 
is supplied to its reset input. 

The counter 108 and buffer store 116 both 
have a capacity of 16 bits. The counter may 
be realised by four cascaded 4-bit counter 
65 devices (MC14161) and similarly the buffer 



store may use four 4-bk devices (MC14175). 
The capacity of counter 108 is chosen suffi- 
cient to accommodate the number of clock 
pulses obtained in one cycle of counter 106 
when set to its highest division ratio. The 70 
counter 108 also has an overflow or carry 
output which goes high if its capacity is ex- 
ceeded due to a fault. This is described later. 

Hie count value in buffer store 116 which 
remains constant throughout one operating 75 
cycle is compared with the count value in a 
16-bit up/down counter 118, with the aid 
of a 16-bit comparator 120. For convenience 
the count value in store 116 will be called 
"A" and that in counter 118', "B", these 80 
values being applied to respective 16-bit in- 
puts of the comparator. 

The comparator has three outputs one of 
which A = B is not used in this embodi- 
ment. The other two outputs are A>B 85 
which is high only when A is greater than 
B, and A<B which is high only when A 
is less than B. Both are low when A = B. 

By means of gating circuits yet to be des- 
cribed cooperating with comparator 120, 90 
under normal operation (no vehicle present) 
the counter value in the counter 118, tracks 
that introduced in buffer store 116 in each 
operating cycle. The gating circuitry ensures 
that the output A < B of the comparator 95 
remains low because it is this output which 
is examined once per operating or scan cycle 
to ascertain whether a vehicle is present. This 
will be described further below but for the 
present it is sufficient to note that if at the 100 
moment of examination A < B, a vehicle 
detection output will be given, causing a pre- 
sence signal to be generated. Thus A need 
be less than B by only one clock pulse from 
source 102, that is one pulse in the total 105 
number of pulses of the operation cycle, i.e. 
the period of successive pulses from counter 
106. The probability of this happening in- 
creases with the length of the operating cycle 
expressed in terms of the preselected number 110 
selected by switch 107. Thus the latter can 
be considered as controlling the sensitivity 
of the digital circuit to changes in the fre- 
quency of the astable oscillator 22. 

The comparator 120 may use four 4-bit 115 
comparator devices type MC 14585 while 
the up/down counter 118 may use four cas- 
caded 4-bit up/down counter devices type 
.MC 14516. The operation of this counter 
will now be considered in greater detail. 120 

In general the counter will be decremented 
by "one" in each operation cycle unless an 
A>B condition is detected in which case 
the counter is incremented until A = B. 

The direction of counting is determined 125 
by the state of an up/down input of counter 
118, that is connected to the Q output of a 
D-type bistable 122 whose clock input is 
connected to Ph. 1 of the clock source. The 
D input of bistable 122 is connected to the 130 
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ouput of a two-input AND-gate 124, one 
input of which is connected to the A>B 
output of comparator 120 and the other of 
which is connected to the (J output of bi- 
5 stable 112. This output is normally high to 
enable gate 124 except in the short interval 
following an output pulse from counter 106 
during which the buffer store 116 is up-dated 
with new count value. If during the remain- 

10 ing time A > B then the output of gate 124 
is high and the Q output of bistable 122 is 
high providing an "up" signal to counter 
118. The high output of gate 124 also enables 
an AND-gate 126 controlling the transmission 

15 of incrementing pulses to the clock of counter 
118 through OR-gate 128. These increment- 
ing pulses are derived from Ph 3 of the clock 
source via a divide-by- 4 counter 130. When 
the counter 118 reaches the value B = A, 

20 *3L.!??? A > B output of the comparator 
• ■ « 120 goes low" setting the outputs of gates 
124 and 126 low and the Q output of bistable 
122 low on the next clock pulse. This last 
low output is a "down" signal for the counter 

25 118. 

The foregoing has shown how the counter 
118 is relatively rapidly brought to equality 
with buffer store 116 when A>B. This 
enables the circuit to track rapidly in one 

30 direction, either on initial switch on as des- 
cribed later, or for compensating ambient 
changes that decrease the frequency of astable 
22 (Fig. 4) or for the departure of a vehicle 
from the detector loop, which increases the 

35 loop inductive time constant and thus the 
operation or scan cycle time and the count 
reached in counter 108. Tracking in the other 
direction is achieved by "biasing" the counter 
118 to decrement by "one" on each operation 

40 cycle. As already shown the counter is held 
in the "down" condition unless A>B and 
it is then controlled by the Q output of the 
v bistable 112 and the output of another 
D-type bistable 132 that has its D input 

45 connected to the A < B output of comparator 
120. Assume for the present that the D input 
remains low, then, the (J output of the bi- 
stable continues high. Tins output together 
with the Q output of bistable 112 are con- 

50 nected to respective inputs of an AND-gate 
134 having a third input connected to Ph 3 
of the clock source 102. Gate 134 controls 
the transmission of clock pulses to the clock 
input of counter 118 via OR-gate 128. Assum- 

55 >ing the (J output of bistable 132 remains 
high, then gate 134 is open for clock pulse 
transmission for the short interval in which 
bistable 112 is activated in each scan cycle, 
this being the interval following an output 

60 from counter 106 that extends from the next 
Ph. 2- pulse of the clock source to the fol- 
lowing Ph. 1 pulse as already described. In 
that interval a single Ph. 3 clock pulse is 
transmitted to counter 118 to decrement it 

65 by "one". Thus a single decrement pulse 



occurs in each operation cycle subject of 
course to the condition that for the remainder 
of the cycle, if the A > B condition obtains, 
then incrementing takes place as above des- 
cribed. In this manner tracking of slow am- 70 
Went changes in either direction is achieved 
and the counter 118 is brought to equality 
with the value held in buffer store 116 at 
each operation cycle. Turning now to vehicle 
detection, this involves the bistable 132 con- 75 
nected to the A < B output of comparator 
120. The clock input of the bistable is con- 
nected to the output of gate 114 so as to 
be clocked simultaneously with clear input 
to counter 108. The clocking occurs once in 80 
each operation cycle immediately following 
the up-dating of the buffer store 116 of the 
count value recorded by counter 108 in that 
cycle. Consequently the comparator is com- 
paring the new count value with that of the 85 
previous cycle which is now held in up/down 
counter 118. If on this comparison the A < B 
output remains low, then the bistable 132 
remains reset and tracking continues as al- 
ready described. If, however, a vehicle has 90 
arrived over the loop causing a reduced count 
value to be entered in buffer store 116 as 
compared to the previous cycle, then the 
A < B output goes high and the Q output 
of bistable 132 goes high on the clear pulse 95 
from gate 114. 

The bistable activates a detect output cir- 
cuit comprising transistors Tr 4 and Tr 5 
which are normally OFF and ON respect- 
ively. The high Q output of bistable 132 100 
supplies base current to Tr 4 turning it ON 
and giving a visible detect indication by means 
of light-emitting diode LED1 in its collector 
circuit. Tr 4 also now shunts the base- 
emitter circuit of .transistor Tr 5 to turn the 105 
latter OFF and denergises a detect relay 
RLA which provides via changeover contacts 
not shown the presence signal. 

Because the Q output of bistable 132 is now 
low, gate 134 is inhibited to the passage of 110 
decrementing pulses to counter 118. Without 
further measures counter 118 cannot track 
further the counter value in the buffer store 
until the vehicle leaves the detector loop. In 
most installations, it is not wanted to retain 115 
detection indefinitely in the presence of a 
vehicle but to adjust the installation after 
certain period of time, known as the presence 
time, to the now prevailing conditions so that 
a further vehicle may be detected. The pre- 120 
sence time is initiated by the (J output of 
the bistable 132 going low and releasing 
timing circuitry that prevents any change in 
counter 118 for the presence time and there- 
after allows the counter to be decremented 125 
at a relatively slow rate towards the reduced 
A values now being obtained in the buffer 
store 116. 

The presence timing circuitry comprises 
cascaded cyclic counters 136 and 138. Counter 130 
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136 is connected to the output of divider 
counter 130 and further divides the pulses 
obtained, by a ratio of 2*<2,097,152) in the 
present case, and supplies output pulses to 
5 5-bit counter 138 whose most significant bit 
provides the counter output and goes high 
after sixteen input pulses. Until a vehicle is 
detected both counters are held clear by the 
high tj output of bistable 132. When this goes 
10 low the counters are brought into operation. 
The 400kHz clock pulses from source 102 
have a period of 2.5/*S; the period of pulses 
from counter 130 is lOyuS; and that of the 
output pulses from counter 136 is approxi- 
15 mately 21 seconds. The output of counter 
138 goes high after 335 seconds, that is about 
Si minutes. The latter is the presence time. 
Therafter the up/down counter 118 is counted 
down by the pulses from the counter 136 as 
20 will now be explained. 

When the counters 136 and 138 are re- 
leased by their clear inputs going low, the 
counter 136 supplies a high output to the D 
input of a D-type bistable 140. This bistable 
25 is clocked by Ph. 3 of the clock source 102 
and its Q output is connected to a further 
input of OR-gate 128 and thence to the clock 
input of counter 118 which is held in the 
"clown" counting condition. Initially the out- 
30 put pulses every 21 seconds from counter 
136 are not effective to set bistable 140 be- 
cause a reset signal is applied to its reset 
input through an OR-gate 142. This signal 
is obtained via a link D— E from the Q 
35* output of a D-type bistable 144 whose D 
■ input is permanently connected high and 
whose clock input is connected to the Q out- 
pur of bistable 132 which is high once a 
vehicle is detected. Bistable 144 also has a 
40 reset input connected to the output of counter 
138; this output remains low for the first 
fifteen cycles of counter 136, going high on 
the sixteenth marking the 5£ minute presence 
period. Consequently bistable 144, which was 
45 set by the Q output of bistable 132 going 
high to start the presence period, holds bi- 
stable 140 reset so that no clock pulses are 
supplied to counter 118 during the presence 
time. 

50 Upon output of counter 138 going high, 
bistable 144 is reset and its Q output goes 
low removing the reset signal from bistable 
140 which is then set on the next Ph. 3 
clock pulse since its D input will still be high. 

55 Thus a pulse is provided to the clock input 
of counter 118 to decrement it by "one". These 
decrementing pulses are applied every 21 
seconds (approximately) until the condition 
A = B when the A< B output of compara- 

60 tor 120 goes low and the presence detection 
condition ceases. The circuit now continues 
tracking as previously described except that 
the tracking is at the reduced count values 
corresponding to the presence of a vehicle 

65 at the detector loop. If the loop is of an 



appropriate size the circuit is then in a con- 
dition to detect the presence of a second ve- 
hicle by a further reduction in the count 
value entered in buffer store 116. 

The departure of a vehicle immediately 70 
causes the A>B output of the comparator 
to go high causing the counter 118 to be 
counted up to the new count value rapidly 
as already described. 

The OR-gate 142 has a second input 75 
that is connected to the Q output of bistable 
132. This provides a reset input to bistable 
140 throughout normal tracking and ensures 
the bistable 140 can only produce clock pulses 
to counter 118 after the detection of a ve- 80 
hide is signalled. 

The detector circuit also contains provision 
for indicating a fault condition arising out 
of a detector loop 10 of too high inductance 
being connected to the oscillator 22 or out 85 
of an open or short circuit occuring at the 
loop. The last two will cause the oscillator 
to stop so that counter 108 overflows since 
no clear pulse is generated from the counter 
106; the loop is too inductive if the frequency 90 
of die oscillator 22 is lowered to an extent 
that counter 108 overflows before the clear 
pulse occurs. The counter 108 has an over- 
flow or carry output connected to the clock 
input of a D-type bistable 146, the D input 95 
of which is permanently high. The Q output 
of bistable 146 is connected to the clock input 
of another D-type bistable 148 whose D input 
is also permanently high and whose Q output 
feeds a circuit comprising transistors Tr 6, 100 
Tr 7, light emitting diode LED2 and relay 
RLB that corresponds to the presence output 
circuit Tr4, Tr5, LED1 and RLA already 
described. Thus a carry output sets bistable 
146 which in turn sets bistable 148 to turn 105 
ON transistor Tr6 and LED 2 and turn OFF 
transistor Tr7 thereby denergising relay 
RLB. 

The. Q output of bistable 146 is also con- 
nected to the base of transistor Tr4 in the 110 
presence detection output circuit so that the 
latter goes into the detect condition even 
though the Q output of bistable 132 remains 
low 

If an intermittent closed or short circuit 115 
occurs, the circuit can resume normal 
operation. 

The first fault bistable 146 has its reset 
input connected to the output of gate 114 
through an OR-gate 150. Thus resumption 120 
of the clear signal resets bistable 146 which 
in turn restores the presence output circuit 
to the non-detect condition enabling normal 
operation to proceed. However, the bistable 
148 is not reset so that a fault output indi- 125 
cation remains to show that a fault has oc- 
cured when the installation is inspected at a 
later time. 

When a fault occurs, the up/down counter 
118 is also cleared. The counter has a clear J 30 
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input that is connected to the Q output of 
bistable 146 through an OR-gate 154. Thus 
when a fault occurs the counter 118 is cleared 
for as long as the fault is signalled by a bi- 
5 stable 146. This ensures no high output can 
occur at the A < B output of the comparator 
120 to initiate the presence time procedure. 
The clearing of counter 118 need not be to 
zero. If the counter has appropriate connec- 

10 tions it may be cleared to a preset count value 
(B minimum) less than any likely minimum 
value of A from the buffer store. This has 
the advantage that it takes less time sub- 
sequently to bring the counter to the A = B 

15 condition. 

The fault indication can be removed by 
switching off the circuit and switching it 
back on: Switch on of the circuit causes a 
positive pulse to be applied (by means not 

20 shown) to line 152 which leads to another 
input of gate 150 to ensure bistable 146 is 
reset. The line 152 is also directly connected 
to the reset input of bistable 148 to ensure 
that this is also reset This procedure also 

25 occurs on the first switching on of the circuit 
. Two other functions may be desirecT in 
some installations. The first is to omit the 
presence time, i.e. the above mentioned 5i 
minutes, and to allow the counter 118 to 

30 immediately start tracking down to the pre- 
sent count value in buffer store 116. This is 
done by removing the link D— E and making 
the link E — F which puts point E in a per- 
manent low condition. Thus the presence 

35 time delay in resetting bistable 144 by coun- 
ter 138 is avoided and the bistable 140 can 
be clocked to produce count-down pulses at 
21 second intervals each time the output of 
counter 136 goes high. 

40 The second function is to have the pre- 
sence time delay but to then immediately 
clear counter 118 which will then rapidly 
track up to the count held in buffer store 
116. For this purpose, OR-gate 154 has a 

45 second input that is shown as grounded 
through link A — B. Thus this input is low 
and has no effect on the operation of the 
circuit thus far described. However, if link 
A — B is removed and link B— C is made, 

50 then this input of the OR-gate is connected 
to the output of counter 138. Thus after the 
presence time, the counter output goes high 
to clear counter 118. The A>B output of 
comparator 120 goes high and the counter 

55 118 tracks up to the current value in buffer 
store 116 as already described. 

WHAT WE CLAIM IS: — 

1. A vehicle detector circuit for use with 
an inductive detector loop for sensing die 
60 presence of a vehicle in the vicinity of the 
loop, comprising: 

first means connectable to the detector loop 
to impress on the loop a voltage of predeter- 
mined waveform and product therein a cur- 



rent whose relationship to the impressed, volt- 65 
age is essentially determined by the inductive 
time constant of the loop; 

second means responsive to the current in 
the loop to provide a signal having the wave- 
form of the current in the loop; 70 

comparator means responsive to said volt- 
age waveform and to said current waveform 
signal to provide a signal dependent on the - 
lag of the current waveform with respect 
to the voltage waveform due to the inductive 75 
time constant of the loop circuit; and 

analyzer means responsive to changes in 
said lag-dependent signal to provide an out- 
put signal indicative of the presence of a 
vehicle in the vicinity of the detector loop. 80 

2. A vehicle detector circuit as claimed in 
Claim 1 in which said first means comprises 
a first switching stage having terminals to 
which the detector loop is connectable as a 

load for said first switching stage; 85 

and further comprising a second switching 
stage connected to said comparator means to 
have its "switching state controlled by said 
lag-dependent signal; and 

means coupling the second switching stage 90 
to control the switching of the first switching 
stage whereby said first and second stages 
are coupled in an astable oscillator circuit 
having an oscillation frequency dependent on 
the inductive time constant of the detector 95 
loop when connected to said terminals; 

and in which said analyzer means is res- 
ponsive to the changes in the oscillation 
frequency. 

3. A vehicle detector circuit as claimed in 100 
Claim 2 in which said comparator means 
comprises a voltage comparator having first 

and second innut terminals: 

and further comprising voltage divider 
means for applying a proportion of said im- 105 
pressed voltage waveform to said first com- 
parator input terminal; 

and in which said second means comprises 
a resistive element in series with said loop 
terminals and connected to said comparator HO 
input terminal to apply thereto a voltage 
representing the current flowing between said 
loop terminals. 

4. A vehicle detector circuit as claimed in 
Claim 2 or 3 in which said first switching 115 
stage includes clipping means producing a 
rectangular voltage waveform of predeter- 
mined amplitude for impression across said 
loop terminals. 

5. A vehicle detector circuit as claimed in 120 
Claim 4 in which said clipping means is con- 
nected in parallel with the series combination 

of said loop terminals and said resistive 
element. 

. 6. A vehicle detector circuit as claimed in 125 
Claim 1 in which said first means comprises 
first and second switching stages connected 
to a pair of terminals to which the detector 
loop is connectable as a load for both stages, 
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said first and second switching stages being 
operable to produce voltages of opposite pol- 
arity across said terminals for impression 
across the detector loop; 
5 and further comprising a third switching, 
stage connected to the comparator means to 
have its switching state controlled by said 
lag-dependent signal; and 
respective means coupling said third switch- 

10 ihg stage to said first and second switching 
stages to turn same on and off respectively 
when the third switching stage achieves one 
switching state and to turn same off and on 
respectively when the third switching stage 

15 achieves its other switching state^ whereby 
said first, second and third switching stages 
constitute an astable oscillator circuit whose 
frequency of oscillation is controlled by said 
lag-dependent signal as a function of the 

20 inductive time constant of the detector loop 
when connected to said terminals; 

and in which said analyzer "means is res- 
ponsive to changes in said oscillation 
frequency. 

25 7. A vehicle detector circuit as claimed in 
Claim 6 in which said comparator means' 
comprises a voltage comparator having first 
and second input terminals; 
and further comprising voltage divider 

30 means for applying a proportion of said im- 
pressed voltage waveform to said first com- 
parator input terminal; 

and in which said second means comprises 
a resistive element in series with said loop 

35 terminals and connected to said second com- 
parator input to apply thereto a voltage rep- 
resenting the current flowing between said 
loop terminals. 

8. A vehicle detector circuit as claimed in 
40 Claim 6 or 7 further comprising clipping 

means connected across said loop terminals, 
said clipping means being bidirectionally- 
operative to act on the opposite polarity volt- 
age waveforms produced by said first and 
45 second switching stages to provide each at a 
predetermined amplitude. 

9. A vehicle detector circuit as claimed in 
Claim 8 in which said clipping means is con- 
nected in parallel with the series combination 

50 of said load terminals and said resistive 
element. 

10. A vehicle detector circuit as claimed in 
Claim 1 in which said first means is operable 
to provide said predetermined waveform at 

55 a selected frequency and said comparator 
means is operative to provide a signal repre- 
senting the phase difference between said 
voltage, waveform and said lagging current 
waveform signal. 

60 11. A vehicle detector circuit as claimed in 
Claim 10 in which said second means is oper- 
able to provide a voltage representing said 



current waveform; and said comparator 
means comprises: 

a voltage comparator having first and second 65 
input terminals; 

means connected to said first switching 
means to apply a proportion of said impressed 
voltage waveform to said first comparator 
input terminal, said second comparator input 70 
terminal being connected to said second means 
to be responsive to the voltage waveform pro- 
vided thereby, whereby the comparator 
changes state at times dependent upon the 
lag of the detector loop current with respect 75 
to the impressed Voltage waveform; 

and a phase comparator having respective 
inputs connected to the output of said am- 
plitude comparator and to said first means 
to provide said lag-dependent signal. 80 

12. A vehicle detector circuit as claimed in 
Claim 11 in which said first means is oper- 
able to provide a rectangular voltage waveform 
and having a pair of terminals to which the 
detector loop is connectable; and 85 

said second means comprises a resistive 
element in series with the loop terminals to 
receive the current flow between the loop 
terminals. 

13. A vehicle detector circuit as claimed in 90 
Claim 12 in which clipping means are con- 
nected in parallel with the series combination 

of said loop terminals and said resistive means 
to provide a voltage waveform of predeter-. 
mined amplitude. 95 

14. A vehicle detector circuit as claimed in 
Claim 13 in which said first means is operable 
to provide a voltage waveform that alter- 
nates between positive and negative voltages, 
and said clipping means is bidirectionally- 100 
operable to limit both the positive and nega- 
tive excusions of said impressed voltage 
waveform. 

15. A vehicle detector circuit substantially 

as hereinbefore described with reference to 105 
Figures 1 and 4; or Figures 4 and 5; or 
Figures 2 and 3 of the accompanying 
drawings. 

16. A vehicle detection installation com- 
prising a vehicle detector circuit as claimed HO 
in any preceding claim connected to an in- 
ductive loop whose inductive time constant 

is sensitive to the presence of a vehicle in 
the vicinity of the loop. 
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